Aim: Cognitive impairment is present in several neurodegenerative disorders. The clock-drawing test (CDT) represents a useful screening instrument for assessing the evolution of cognitive decline. The aim of this study was to investigate the sensitivity of the CDT in monitoring and differentiating the evolution of cognitive decline in Alzheimer's dementia (AD), vascular dementia (VaD), and Parkinson's disease (PD). Methods: This study involved 139 patients, including 39 patients with PD and mild cognitive impairment, 16 demented PD patients, 21 VaD patients with mild cognitive impairment, 17 patients with VaD, 33 patients with mild cognitive impairment due to AD, and 13 patients with probable AD. All participants completed the CDT. The Mini-Mental State Examination was administered to establish patients' cognitive functioning. Results: Comparisons of quantitative and qualitative CDT scores showed significant differences between the various diseases. Impairment of executive functioning seems to be more pronounced in PD and VaD than in AD. Patients with AD committed more errors related to a loss of semantic knowledge, indicating a severely reduced capacity in abstract and conceptual thinking. Conclusion: Results support the usefulness and sensitivity of the CDT in the detection of different dementia subtypes. Qualitative error analysis of the CDT may be helpful in differentiating PD, VaD, and AD, even in the early stages of each disease.
INTRODUCTION
Degenerative brain disorders are frequently associated with cognitive impairment, which often initially occurs in the early stages of the disease. 1, 2 The literature describes many cognitive screening instruments that facilitate early identification and enable the evolution of impairment to be monitored. An efficient cognitive screening test should be quick and easy to administer and score, free of cultural bias, and highly sensitive; it should also have predictive validity. 3 The Mini-Mental State Examination (MMSE) is very popular in clinical practice and is widely used to distinguish potential dementia from normal function. 4 However, it often fails to identify executive dysfunction, 5 so it cannot be considered sufficient for a complete evaluation. The clock-drawing test (CDT) has been shown to be a very sensitive instrument in cognitive screening; it is less affected by education, language, and cultural differences than the MMSE. 6 The CDT takes less than a minute to conduct and requires the application of multiple functions, such as perception, visual spatial organization, gross motor function, comprehension, memory, concentration, numerical knowledge, concept of time, and inhibition of distracting stimuli. 7 The efficacy and sensitivity of the CDT can be enhanced with qualitative analysis of performance, in addition to the usual quantitative scoring. 8 Examining the types of errors that occur may be useful in discriminating between different dementing disorders and evaluating the degree of impairment. 9 In this study, we investigated the sensitivity of CDT in monitoring the evolution of cognitive decline. In particular, we observed quantitative and qualitative differences in patients with Alzheimer's dementia (AD), Parkinson's disease (PD), and vascular dementia (VaD).
METHODS Subjects
A total of 139 patients participated in this study. They were divided in groups according to diagnosis and severity of disease; the groups were PD and mild cognitive impairment (MCI) (MCI-PD) (n = 39), demented PD (d-PD) (n = 16), VaD with MCI (MCI-V) (n = 21), VaD (n = 17), MCI due to AD (MCI-A) (n = 33), and probable AD (n = 13). 12 Recommendations from the National Institute on Aging-Alzheimer's Association were used for the diagnosis of MCI-A. 13 The MMSE was administered to evaluate patients' cognitive functioning.
14 According to the severity of cognitive impairment, patients were included in the MCI group (MMSE score: 21-28) or demented group (MMSE score: ≤20).
15

Procedures
All participants completed the CDT. They were presented with a sheet of paper and a pencil, and the following instructions were given: 'I would like you to draw a clock, put in all the numbers, and set the hands for 10 after 11'. Clock drawings were analysed according to the quantitative and qualitative scoring system developed by Rouleau et al. 16 Quantitative analysis used a 10-point scale that assessed the integrity of the clock face, the layout of the numbers, and the position of the hands (Table 2 ). Qualitative scoring analyzed the following dimensions:
• clock size (small <4 cm; large >13 cm)
• graphic difficulties, specifically with regard to the precision of the lines, the straightness of the hands, and overall accuracy. Based on the results, patients were classified as having mild, moderate, or severe cognitive impairment.
• stimulus-bound response, which measured the tendency of the drawing to be dominated by one of the following stimuli:
• Type A: hands set for 10 to 11 instead of 10 after 11 • Type B: time written in letters and numbers rather than only numbers; absent hands • conceptual deficit, which reflects a deficit in accessing knowledge of the clock's attributes, features, and meaning of clock. It includes two types of errors:
• Type A: misrepresentation of the clock face • Type B: misrepresentation of the time on the clock • spatial and/or planning deficits involving:
• Type A: neglect of the left hemispace • Type B: deficit in planning, with a gap before 12 or 3, 6, or 9 • Type C: deficit in spatial layout of numbers • Type D: numbers written outside the clock face • Type E: number written anticlockwise • perseveration (i.e. recurrence of hands or numbers)
Statistical analysis
Continuous variables are expressed as mean AE SD, whereas categorical variables are expressed in frequencies and percentages. Nonparametric analysis was performed because the results of the Shapiro normality test indicated that most of the target variables were not normally distributed. The numerical data are presented as medians and, if no normal distribution, first-third quartiles. For intra-group analysis, the Mann-Whitney U-test with Bonferroni adjustment was used to compare two groups within the MCI group (MCI-PD, MCI-V, MCI-A) and within the demented group (d-PD, VaD, AD) on a continuous scale. For analysis that involved categorical variables, we used Fisher's exact test or the Freeman-Halton extension when appropriate. Spearman's correlations between CDT and MMSE scores were computed. For inter-group analysis, the Mann-Whitney U-test was used to compare two groups on a continuous scale (MCI-PD and d-PD; MCI-V and VaD; MCI-A and AD). Analyses were performed with an open source R3.0 software package (http://www.r-project. org). A confidence level of 95% was set with a 5% alpha error. Statistical significance was set at P < 0.05.
RESULTS
Intra-group analysis
For quantitative scoring scale among the MCI groups, we found significant differences between MCI-PD and MCI-A and between MCI-V and MCI-A (P = 0.003) with regard to the integrity of the clock face (P = 0.02). In terms of qualitative scoring scale, we found significant differences between MCI-PD and MCI-A with regard to clock size (P < 0.001) and graphic difficulties (P < 0.001). Between MCI-V and MCI-A, we observed significant differences in graphic difficulties (P < 0.001) and a certain trend in the clock size (P = 0.06). We also found a certain trend in clock size between MCI-PD and MCI-V (P = 0.06). Fisher's exact test did not indicate significant differences in the dichotomous subscale.
For quantitative scoring among the demented groups, we found a certain trend between d-PD and AD with regard to the integrity of the clock face (P = 0.06). In terms of qualitative scores, we found significant differences in graphic difficulties (P < 0.001) and spatial and/or planning deficits (P = 0.002) between d-PD and AD. Comparisons of d-PD and VaD indicated that there were significant differences in graphic difficulties (P = 0.03) and conceptual deficit type B (P = 0.03). Finally, significant differences were found in graphic difficulties (P < 0.001) and spatial and/or planning deficits (P = 0.05) between VaD and AD groups.
In both MCI and demented group analysis, we did not observe significant differences in CDT global scores. Subscale scores based on the quantitative scoring developed Rouleau et al. are shown in Table 3 . The frequency of qualitative errors in the MCI and demented groups are shown in Figures 1 and 2 .
Inter-group analysis The Mann-Whitney U-test indicated significant differences in quantitative and qualitative CDT scores in all groups (P < 0.001) (Fig. 3) . With regard to quantitative scoring, the integrity of the clock face was significantly different between MCI-PD and d-PD groups (P = 0.003) and between MCI-A and AD groups (P = 0.009), but no significant difference was found Clock-drawing test in dementia © 2018 Japanese Psychogeriatric Society between MCI-V and VaD (P = 0.17). The presence and sequencing of numbers and the presence and placement of the hands were significantly different among all groups (P < 0.01).
With regard to qualitative scoring scale, stimulusbound response and conceptual deficit type B were significantly different among all groups (P < 0.01). Clock size significantly differed only between MCI-A and AD groups (P = 0.02). Graphic difficulties were significantly different between MCI-PD and d-PD groups (P < 0.001) and between MCI-A and AD groups (P = 0.004), but no significant differences Clock-drawing test in dementia © 2018 Japanese Psychogeriatric Society were found between MCI-V and VaD groups (P = 0.95). We observed significant differences in conceptual deficit type A between MCI-V and VaD groups (P = 0.04) and between MCI-A and AD groups (P = 0.03), but no significant differences were found between MCI-PD and d 
Spearman's correlation
We found significant positive correlations between CDT and MMSE scores. In particular, we observed a significant correlation in MCI-PD (r = 0.57; P = 0.0001), VaD (r = 0.52; P = 0.03) and AD (r = 0.56; P = 0.04) groups (Fig. 7) . A significant trend was observed in d-PD group (r = 0.48; P = 0.06), while no significant correlation was found in MCI-A (r = 0.29; P = 0.09) or MCI-V (r = 0.36; P = 0.11).
DISCUSSION
The present study showed the usefulness of the CDT for differentiating dementia types and establishing the degree of impairment.
The high correlation between CDT quantitative scores and MMSE scores suggests the CDT's efficacy in assessing the severity of cognitive impairment. The lack of significant correlation found in MCI-A and MCI-V groups may indicate that it has poor sensitivity for detecting very mild dementia. 17 However, qualitative error analysis provided important additional information and revealed the different processes underlying a disease.
Clock size appeared predominantly normal in all MCI groups, except for MCI-PD. The higher incidence of small clocks in patients with early-stage PD may be due to micrographia, which is often detectable in disorders involving the basal ganglia. 18 In terms of graphic difficulties, MCI-PD and MCI-V groups had greater impairment than the MCI-A patients, suggesting the influence of secondary disruption in the frontostriatal circuits, which are implicated in the coordination of fine motor control and planning. 19 The same differences are present in demented groups, confirming the involvement of the same neuronal circuits. Stimulus-bound response was absent in all MCI groups, but both it and type B error were present in demented groups. Time was written in letters and Figure 6 Frequency of qualitative error in mild cognitive impairment due to Alzheimer's dementia (MCI-A) and Alzheimer's dementia (AD). numbers rather than in numbers alone, and hands were either absent or indicated 10 to 11. This kind of error was also considered a conceptual deficit. These findings could be the result of variances in the progression of the different dementia disorders. Type B error is related to impaired semantic knowledge. 20 Similarly, all demented groups showed conceptual deficits in the representation of time on the clock. These type B errors suggest a loss of semantic memory and a deficit in the knowledge of the main features of a clock (i.e. the communication of time). Furthermore, regardless of statistical significance, there seems to be a higher incidence of misrepresentation of time in MCI-A group than in MCI-PD and MCI-V groups. These data are consistent with numerous studies suggesting an early impairment of semantic memory in patients with very mild AD. 21, 22 Additionally, the high frequency of this kind of error in VaD suggests that semantic memory is equally impaired in these patients as in AD patients, potentially indicating a shared neural basis. 23 The critical neuroanatomical locus of this selective deficit is left temporal neocortex. 24, 25 With regard to spatial and/or planning deficits, greater impairment was observed in all demented groups than in the MCI groups. However, there were some differences among the demented groups. The d-PD and VaD groups had more difficulty with spatial layout (type C error) possibly because of the greater involvement of basal ganglia lesions disrupting several corticostriatal circuits, which are implicated in visuospatial tasks. 26 In particular, the caudate nucleus and the globus pallidus have been associated with motor planning abilities. 27, 28 Disruption of the corticostriatal circuits involving parietal and temporal cortices, which was implied in results related to spatial abilities and visual object recognition, may better explain the role of basal ganglia. 29 However, the high presence of neglect of the left hemispace (type A error) in the AD group reflects the presence of constructional apraxia, which may occur with lesions in the left or right parietal lobe but may be very prevalent in cases with right parietal damage. 30 Number perseveration was most present in MCI-A and AD groups. Perseveration involves difficulty in completing the previous activity and switching from one cognitive or behavioural activity to another. However, perseveration was relatively infrequent and, as Rouleau et al. suggested, 31 does not support specific hypotheses about the mechanisms responsible. According to Pekkala et al., 32 the early involvement of the left and right temporoparietal regions may cause perseveration beginning in the early stage of disease as a consequence of memory impairment. But damage to the frontal region also appears to be significant in the progression of AD. The profile of cognitive impairment in different types of dementia suggests the presence of qualitative differences. Qualitative error analysis of CDT may be helpful in differentiating PD, VaD, and AD beginning in the early stages of each disease. In particular, PD and VaD patients have greater impairment of their fine motor control and executive functions, such as planning and visuospatial organization, as suggested by graphic difficulties in drawing the clock and errors in the correct placement of the numbers. 33 In PD patients, basal ganglia dysfunction disrupts several corticostriatal loops involved in the coordination and planning of spatial tasks. 34 Similarly, cerebral vascular lesions cause executive dysfunction and mild memory impairment, mainly associated with an alteration of the prefrontal subcortical circuit. 35 In the present study, patients with AD committed more errors related to a loss of semantic knowledge with regard to the meaning and attributes of a clock; this indicates a severely reduced capacity in abstract and conceptual thinking, as demonstrated by conceptual deficits in the representation of time on the clock from the early stages of disease. These abilities involve the transentorhinal region and the temporal neocortex. 36 Despite the small sample size of the study, our results are consistent with previous studies. Moreover, they support the utility of CDT as a rapid screening test to detect different forms of dementia as well as the underlying patterns of dysfunction in patients with a disease involving primarily limbic-cortical regions rather than basal ganglia and corticostriatal alterations.
